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Background: Worse outcomes in women compared to men undergoing left ventricular assist device (LVAD) 
implantation remain an underestimated problem in heart failure (HF) patients. With device miniaturization, 
less-invasive LVAD implantation techniques have gained relevance, but their impact on outcomes in women 
is unknown. This study investigates sex-related differences in patients undergoing LVAD implantation 
through less-invasive procedures.
Methods: This retrospective single-center cohort study included patients who underwent isolated LVAD 
implantation between 2011 and 2018 through less-invasive techniques. Propensity score matching (PSM) 
was utilized to balance preoperative heterogeneity. Primary endpoint was two-year survival, and secondary 
endpoints included long-term survival, surgical outcomes and postoperative adverse events.
Results: Baseline analysis of 191 patients (females 18.3%) showed differences in terms of age [female 
(median, 52; IQR, 47–61); male (median, 58.5; IQR, 49–66); P=0.005], underlying diagnosis (P<0.001), 
INTERMACS profile (P=0.009), history of previous cardiac surgery (P=0.049) and preoperative creatinine 
values [female (median, 110; IQR, 71–146); male (median, 126; IQR, 9–168); P=0.049]. Over a follow-up 
of 460.68 patient-years, Kaplan-Meyer analysis showed better survival in females (P=0.027) and a similar 
probability of cardiac transplantation (P=0.288). After PSM, females showed higher needs for intraoperative 
fresh frozen plasma (P=0.044) and platelets (P=0.001) but comparable postoperative outcomes. No sex-
related differences were noticed regarding two-year outcomes, long-term survival and adverse events. LVAD-
related infections remained the most common complication with males experiencing more pump infections 
than women (P=0.050).
Conclusions: Patients receiving less-invasive LVAD implantation do not show significant sex-related 
differences in short and long-term outcomes and survival. Prospective studies are needed to evaluate the role 
of less-invasive techniques in reducing sex-based disparities after LVAD implantation.
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Introduction

The role of left ventricular assist devices (LVAD) as 
circulatory support in end-stage heart failure (HF) patients 
has been increasingly emphasized in the past decades (1). 

Advancements in LVAD technical aspects, improvements in 

perioperative management and new surgical strategies have 

significantly contributed to the growing success of LVADs 

(2-5). Nevertheless, disparities can be noticed between 
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males and females (4-7). Indeed, women account for about 
20% to 25% of the entire LVAD population (4-9) with a 
trend toward increasing LVADs in females (8). Significant 
heterogeneity exists in terms of underlying diagnoses 
(10,11), severity of HF (12), and implanted devices (12). 
Moreover, contradictory reports exist regarding higher 
risks of stroke (9,12-17), right HF (RHF) requiring right 
ventricular assist device (RVAD) implantation (12,15,18,19), 
re-hospitalizations (9), bleeding and pump thrombosis (9)  
in women. Notwithstanding, the precise mechanisms 
underlying worse outcomes in women following LVAD 
implantation is still unclear, and no defined strategies have 
been described to address such a problem. In particular, the 
impact of different surgical techniques on LVAD outcomes 
in women is unknown. With the device miniaturization, a 
lateral thoracotomy for LVAD implantation (20) has gained 
relevance (2). Avoiding sternotomy and minimizing surgical 
trauma leads to reduced postoperative bleeding (21,22), 
less transfusions (23), lower incidence of RHF (21,24-26), 
shorter hospital stay (21-25,27-30) and lower costs (31,32). 

The present study investigates sex differences in a 
propensity score-matched population of patients undergoing 
LVAD implantation through less-invasive techniques. 

Methods

Study design and population

This study retrospectively analyzed patients receiving LVAD 
implantation at a single high-volume center from January 
2011 to January 2018. All candidates were adults undergoing 
isolated LVAD implantation through less-invasive 
techniques. Only primary implantations were included 
while biventricular assist devices or combined surgeries 
were excluded. All patients were categorized based on 
their biologically determined sex (male or female) (33-35).  
Patients attended follow-up visits every three months for 
the time of LVAD support and completed the follow-
up for survival in August 2020. Demographic and clinical 
variables were collected. Primary endpoint was two-year 
survival. Secondary endpoints were overall survival, adverse 
events defined according to INTERMACS classifications, 
intensive care unit (ICU) and hospital stay, intraoperative 
transfusions, postoperative mechanical circulatory support 
(MCS), ventilation time, pump exchange rates, and explant 
for recovery and transplantation. 

Data collection and analysis were approved by the 
institutional review board (Study ID number: 8642_BO_
K_2019). Every patient who prospectively entered the LVAD 
program at the study institution and was included in this study 
signed a consent form for data use for research purposes. 

Surgical approaches and clinical management

In the study time, all included patients who received a 
HeartWare HVAD System (Medtronic, Inc., Minneapolis, 
USA) or HeartMate3 (Abbott, Chicago, USA) underwent 
LVAD implantation through the “Hannover technique” 
(Figure 1) (20). Briefly, a J-shaped hemisternotomy up to 
the second or third intercostal space and a left anterolateral 
thoracotomy were performed above the left ventricular 
(LV) apex. The correct spot for the LV core was identified 
by gentle digital compression under echocardiographic 
monitoring. The apical ring was sewn to the heart, 
cardiopulmonary bypass (CPB) was started, and the LV apex 
was cored, allowing inspection of the LV cavity. The LVAD 
pump was then inserted. The driveline and outflow graft 
were tunneled and the outflow graft anastomosis completed. 
Gradual weaning from CPB and pump speed adjustment 
were performed. All patients who received a HeartMate II 

Figure 1 Intraoperative view of the left thoracotomy approach 
for LVAD implantation. The LVAD pump is being inserted into 
the left ventricular apex through left thoracotomy. LVAD, left 
ventricular assist device.
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(Abbott, Chicago, USA) underwent surgery through the 
subcostal incision as previously described (36).

Preoperative evaluation and patient selection for both 
males and females followed the principles previously 
described for LVAD implantation through lateral 
thoracotomy (37). Postoperative management was at the 
discretion of the attending physicians, and no different 
protocols were applied in males and females. Generally, 
the international guidelines for postoperative management 
of patients receiving LVAD implantation (38,39) and the 
specific indications for patients undergoing surgery through 
lateral thoracotomy were followed (37). Intravenous 
heparin was started once chest tube drainage was less than  
50 mL/hour for three hours. The heparin dose was 
increased over two days to reach a partial thromboplastin 
time of 55 to 65 seconds. Aspirin and vitamin K antagonists 
were started once the patient was able to take oral 
medications and continued throughout support, with a 
target international normalized ratio of 2.0 to 3.0. Blood 
pressure was measured by Doppler sonography and mean 
target blood pressure was 60 to 65 mmHg.

Statistical analysis

Demographic and clinical variables are expressed as count 
(with percentage) for categorical variables and mean  
(± standard deviation) or median (minimum–maximum) 
for continuous variables after evaluation for normality. 
Group comparisons were made with McNemar’s test and 
the Wilcoxon rank-sum test for the continuous variables 
and Pearson’s χ2 or Fisher’s exact test for categorical 
variables. Kaplan-Meier survival analysis and Log-Rank 
test were performed to determine differences in survival. 
Events were censored at the end of follow-up or in case 
of transplantation and explant. Cumulative incidence of 
transplantation was analyzed. A two-tailed P value of ≤0.05 
was considered significant. Analyses were performed using 
SPSS 24.0 (IBM, Armonk, New York, USA), Prism 8.0 
(GraphPad Software, Inc., San Diego, USA) and R 3.6.3  
(R Foundation for Statistical Computing, Vienna, Austria).

Propensity score matching 

Data analysis was performed to compare male and female 
patients. Based on significant baseline differences and the 
evaluation of factors that could have influenced outcomes, 
propensity score (PS) matching was performed. The PS 
was calculated via non-parsimonious multivariable logistic 

regression model based on age, body mass index, implanted 
LVAD device type, HF etiology, INTERMACS profile, 
diabetes, myocardial infarction, cardiothoracic surgery 
history, preoperative MCS, LV ejection fraction and serum 
creatinine. Patients were matched 1:1 using a greedy 
matching algorithm (nearest match without replacement) 
based on each patient’s PS with a caliper width of 10% of 
the standard deviation of the PS’s logit. 

Results

Overall population: baseline characteristics 

A total of 191 patients were enrolled in this study, with 
thirty-five women accounting for 18.32% of the entire 
cohort. The baseline analysis showed significant differences 
in age, underlying diagnosis, INTERMACS profile, history 
of previous cardiac surgery and preoperative creatinine 
values (Table 1). Women were younger and more frequently 
classified as INTERMACS profile 1. The cardiac diagnosis 
differed between groups with women being affected by 
a higher prevalence of dilated cardiomyopathy and a few 
post-partum cardiomyopathy cases (n=5). Men had more 
frequently a history of previous cardiac operations and 
higher values of serum creatinine.

Overall population: survival analysis 

In the pre-matched cohort, 460.68 patient-years (168,263 
days) were analyzed. The median duration of support was 
1,080 days (1–3,190 days), with similar values (P=0.082) 
between females (962; 1–3,093) and males (1,281; 2–3,190). 
Kaplan-Meyer analysis (Figure 2) showed better survival 
in favor of women (P=0.027) and the similar probability of 
cardiac transplantation (P=0.290). When analyzing patients’ 
status at two years, higher rates of alive and transplanted 
women were observed (Figure 3). A subgroup analysis of 
INTERMACS 1 patients (n=34) showed no differences in 
the probability of survival (P=0.099) (Figure S1).

Propensity score matched population: baseline 
characteristics and perioperative outcomes

After matching, fifty-two patients with comparable 
preoperative characteristics were selected. The overall 
average age at implantation was 53.3±12.0 years, and the 
median body mass index was 24.3 kg/m2 (18.6–43.4 kg/m2). 
Dilated cardiomyopathy was the most common diagnosis 
(n=32, 61.5%), two women were diagnosed with peripartum 

https://cdn.amegroups.cn/static/public/ACS-2020-CFMCS-21-Supplementary.pdf
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cardiomyopathy and two men suffered from myocarditis. 
The majority of patients were NYHA profile 4 (n=48, 
92.3%) and INTERMACS profile 1 was observed in seven 
cases (13.5%). The median ejection fraction was 20%  
(5–35%), and men showed higher values of LV end-diastolic 
diameters. Preoperative MCS was required in six patients 
(11.5%). Further baseline characteristics are presented in 
Table 2. 

The majority of patients received implantation of an 
HVAD both in the un-matched and matched population. 
No female received a HeartMate3 (Abbott, North Chicago, 
IL, USA) device implantation and, thus, it was automatically 

excluded from PS matching analysis. All operations were 
accomplished through less-invasive approaches, and none 
required conversion to conventional sternotomy. Median 
operation time and CPB time were 209.5 minutes (120– 
410 minutes) and 53.5 minutes (31–151 minutes), 
respectively. One male refused the use of CPB due to 
religious reasons. A significant difference was observed 
for intraoperative transfusions: females received a higher 
amount of fresh frozen plasma and platelets (Table 3) but 
a comparable amount of packed red cells. Despite this, no 
significant differences were noticed in postoperative re-
thoracotomies which accounted for 3.8% of cases. Similarly, 

Table 1 Baseline characteristics before propensity score matching 

Variables Females (n=35) Males (n=156) P value

Age, years 52 [25–75] 58.5 [18–79] 0.005

BMI, kg/m2 24.12 [18.56–43.42] 25.95 [16.48–42.92] 0.283

Device, n (%) 0.391

HVAD 34 (97.1) 144 (92.3)

HM3 0 (0) 8 (5.1)

HM II 1 (2.9) 4 (2.6)

Etiology, n (%) <0.001

DCM 19 (54.3) 77 (49.4)

ICM 9 (25.7) 75 (48.1)

Others 7 (20.0) 4 (2.6)

INTERMACS, n (%) 0.009

Profile 1 9 (25.7) 25 (16.0)

Profile 2 0 (0) 21 (13.5)

Profile 3 9 (25.7) 48 (30.8)

Profile 4 15 (42.9) 62 (39.7)

Profile 5–7 2 (5.8) 0 (0)

Diabetes, n (%) 4 (11.4) 33 (21.2) 0.240

Previous myocardial infarction, n (%) 6 (17.1) 14 (9.0) 0.216

Previous cardiac surgery, n (%) 7 (20.0) 60 (38.5) 0.049

Pre-operative MCS, n (%) 9 (25.7) 24 (15.4) 0.148

Preoperative LVEF, % 20 [5–35] 20 [5–38] 0.154

Preoperative serum creatine, mmol/L 110 [44–479] 126 [49–864] 0.049

Data are expressed as n (%), mean ± standard deviation or median [min–max] as appropriate. BMI, body mass index; DCM, dilated 
cardiomyopathy; HM II, HeartMate II; HM3, HeartMate3; HVAD, HeartWare; LVEF, left ventricular ejection fraction; MCS, mechanical 
circulation support.
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postoperative RHF and the need for extracorporeal 
membrane oxygenation (ECMO) were comparable. Seven 
patients required postoperative ECMO: 62.5% of them 
(three females and two males) were already on ECMO 
before surgery, and one patient received ECMO three days 
after surgery for acute pump thrombosis. One patient was 
treated with temporary RVAD (percutaneous cannulation 
of the right atrium and pulmonary artery) for ten days, 
and one patient required a durable RVAD. Mechanical 
ventilation times, respiratory failure rates, ICU stay and 
hospital stay were also comparable between groups. 

Propensity score matched population: survival analysis

Patients were followed-up for 320.47 patient-years  

(117,051 days); only one patient was lost to follow-up. The 
median duration of support was 1,280 days (14–3,202 days),  
with similar values (P=0.258) between females (1,308; 
22–3,202) and males (1,105; 14–2,987). Overall, fourteen 
patients (26.9%) underwent cardiac transplantation 
during follow-up with comparable probabilities for 
women and men (P=0.630). Eight females (30.8%) and 
four men (15.4%) remained on the device until the end 
of the follow-up (Figure 4). 

In-hospital survival was 94.2% (females: 96.2%; 
males: 92.3%; P=0.500). At two years, mortality was 
7.7% in women and 24% in males, 15.4% of females 
and 12% of males received transplantation and 76.9% of 
women and 64% of men were alive on device (Figure 3; 
P=0.260). Kaplan-Meier analysis and cumulative incidence 

Figure 2 Kaplan-Meier survival analysis of the overall cohort (A) and by sex (B) before propensity score matching. Probability of transplant 
of the overall cohort (C) and by sex (D) is shown.
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of transplantation were comparable between groups  
(Figure 4).

Propensity score matched population: adverse events

Pump thrombosis and LVAD-related infections were the 
most common complications (Figure 5). In detail, pump 
thrombosis occurred in eight women (30.8%, 0.1307 events/
patient-year, EPPY) and seven men (26.9%, 0.0876 EPPY; 
P=0.760) with two patients in each group experiencing 
repeated pump thrombosis (7.7%). In all these cases except 
one woman, a pump exchange was required. Overall, 
seven women (26.9%, 0.1188 EPPY) and ten men (38.5%, 
0.1266 EPPY) underwent pump exchange through less-
invasive surgery and none of them required conventional 
sternotomy (P=0.375). While thrombosis was the reason 
for pump exchange in all women, three men underwent 
surgery for the pump pocket infection. Indeed, pump 
infection was diagnosed more often in men (n=7, 26.9%, 
0.0682 EPPY) than in women (n=1, 3.8%, 0.0119 EPPY; 
P=0.050) while driveline infections were similar between 
groups [females (n=11, 42.3%, 0.1307 EPPY); males (n=12, 
46.2%, 0.1363 EPPY); P=0.780]. The occurrence of strokes, 
gastrointestinal bleeding and the need for long-term dialysis 
were also comparable between groups. 

Discussion

This is the first study investigating sex differences in HF 

patients’ outcomes after LVAD implantation through 
less-invasive techniques. The analysis of the un-matched 
population, including 18.3% of women, showed significant 
baseline differences in age, underlying diagnosis, 
INTERMACS profile, history of previous cardiac surgery 
and preoperative kidney function. Despite females being 
more often in INTERMACS 1 status, their survival 
probability resulted better with higher rates of alive and 
transplanted women at two years. After PS matching, 
women showed higher needs for intraoperative transfusions 
but comparable postoperative outcomes. No sex-related 
differences were noticed in two-year results, long-term 
survival and adverse events. LVAD-related infections 
remained the most common complication with males 
experiencing more pump infections. 

HF is a growing medical burden worldwide, with nearly 
40–50% of cases diagnosed in women (40,41). Nevertheless, 
several studies demonstrated that advanced HF therapies 
remain underused in females (6,7), even though the 
number of women undergoing LVAD implantation 
has increased with the introduction of continuous-flow  
devices (8). Moreover, women supported by LVADs have 
higher mortality rates and lower heart transplantation 
chances (7,14). Some studies suggested that women are 
more likely to be in cardiogenic shock at the time of 
LVAD implantation (12), they experience higher rates of 
perioperative RHF requiring RVADs (12,15,18,19) and 
they have a higher risk for neurological and bleeding 
complications (12-14,16,17). Despite the awareness of the 

Figure 3 Outcomes at 2 years follow-up in patients’ overall cohort before propensity score matching (A) and after propensity score  
matching (B).
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Table 2 Baseline characteristics after propensity score matching 

Variables Females (n=26) Males (n=26) P value

Age, years 52.59±12.90 54.65±11.65 0.423

BMI, kg/m2 24.24 [18.56–43.41] 24.22 [18.75–42.61] 0.869

Device, n (%) 0.755

HVAD 25 (96.2) 25 (96.2)

HM II 1 (3.8) 1 (3.8)

Etiology, n (%) 0.829

DCM 17 (65.4) 15 (57.7)

ICM 7 (26.9) 9 (34.6)

Others 2 (7.7) 2 (7.7)

NYHA, n (%) 0.610

Class 3 1 (3.8) 3 (11.5)

Class 4 25 (96.2) 23 (88.5)

INTERMACS, n (%) 0.665

Profile 1–2 4 (15.4) 3 (11.5)

Profile 3–4 22 (84.6) 23 (88.5)

Profile 5–7 0 (0) 0 (0)

History of stroke, n (%) 3 (11.5) 0 (0) 0.235

COPD, n (%) 1 (3.8) 2 (7.7) 1.000

Diabetes, n (%) 4 (15.4) 2 (7.7) 0.668

Previous myocardial infarction, n (%) 3 (11.5) 3 (11.5) 1.000

Previous cardiac surgery, n (%) 7 (26.9) 6 (23.1) 1.000

ICD implantation, n (%) 19 (73.1) 20 (76.9) 1.000

Pre-operative MCS 4 (15.4) 2 (7.7) 0.668

Preoperative serum creatine, mmol/L 106 [59–479] 118 [65–360] 0.407

Preoperative echocardiography

LVEF, % 20 [13–25] 17 [10–35] 0.451

LVEDD, mm 66 [50–99] 73 [59–110] 0.006

Mitral valve regurgitation, n (%)*

0 4 6

I–II 14 17

>II 5 1

Tricuspid valve regurgitation, n (%)*

0 3 5

I–II 18 16

>II 2 3

Data are expressed as n (%), mean ± standard deviation or median [min–max] as appropriate. * preoperative echocardiography reporting 
data on valve function were available for 23 females and 24 males. BMI, body mass index; DCM, dilated cardiomyopathy; HM II, 
HeartMate II; HVAD, HeartWare; LVEF, left ventricular ejection fraction; MCS, mechanical circulation support.



262 Mariani et al. Sex differences in LVADs 

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2021;10(2):255-267 | http://dx.doi.org/10.21037/acs-2020-cfmcs-21

Table 3 Intraoperative and postoperative outcomes of the matched cohort

Variables Females (n=26) Males (n=26) P value

Operation time, min 229.92±46.71 212.43±59.64 0.609

Cardiopulmonary bypass time, min 51 [32–141] 54 [31–151] 0.295

Intraoperative blood products, U

Packed red cells 3 [0–16] 2 [0–9] 0.083

Fresh frozen plasma 4 [1–16] 2 [0–13] 0.044

Platelets 2 [0–3] 1 [0–4] 0.001

Re-thoracotomy for bleeding, n (%) 1 (3.8) 1 (3.8) 0.118

Post-operative ECMO, n (%) 4 (15.4) 3 (11.5) 0.500

Post-dialysis, n (%) 5 (19.2) 3 (11.5) 0.352

Post-operative RHF, n (%) 4 (15.4) 1 (3.8) 0.175

RVAD, n (%) 2 (7.7) 0 (0) 0.245

Mechanical ventilation time, hours 22 [11–888] 24 [15–283] 0.082

Respiratory failure, n (%) 4 (15.4) 3 (11.5) 0.500

ICU stays, days 4 [1–41] 4 [1–46] 0.860

Hospital stays, days 26 [6–83] 25 [12–140] 0.795

Hospital death, n (%) 1 (3.8) 2 (7.7) 0.500

Data are expressed as n (%), mean ± standard deviation or median [min–max] as appropriate. ECMO, extracorporeal membrane 
oxygenation; ICU, intensive care unit; RHF, right heart failure; RVAD, right ventricular assist device.

problem, little is known about the underlying causes of 
these differences, and no established strategies to address 
this clinical question are available. In particular, the impact 
of surgical approaches on LVAD outcomes in women is 
still unknown. It has been demonstrated that less-invasive 
techniques can significantly modify LVAD outcomes  
(21-32). However, since women are often under-represented 
in clinical studies, little is known about sex differences in 
outcomes following less-invasive LVAD implantation.

This study included 191 patients receiving LVAD 
implantation through less-invasive techniques at a single 
center from 2011 to 2018. Baseline analysis showed 
that included women were younger, with less ischemic 
cardiomyopathy and more often in severe cardiogenic 
shock as previously described in the literature (7,8). Despite 
these differences, we observed an overall better survival in 
women which is in contrast with previous studies (6,11-14). 
In particular, good survival was noticed in INTERMACS 
1 women. Indeed, it has been demonstrated that the use 
of a lateral thoracotomy in INTERMACS 1 patients is 

associated with the protection of the RV, reduced re-
thoracotomies and lower mortality (22). Generally, the use 
of a lateral thoracotomy for LVADs allows the pericardium 
to be left closed, thereby leading to further stabilization 
of RV function, including avoidance of RV distortion and 
dilatation (20,24). Moreover, reduced surgical trauma can 
prevent postoperative bleeding which is known as risk factor 
for arrhythmias and RHF (11,12,15). This allows patients 
to overcome the acute postoperative phase and enter the 
follow-up period.

To reduce the influence of baseline differences on 
postoperative outcomes, a PS matched analysis was 
performed. After matching, comparable results in survival 
and transplantations were observed. Contrarily, several 
previous studies described higher in-hospital mortality rates 
in women, ranging from 9% to 14.5% (6,12,42). Higher 
postoperative mortality has been directly correlated to a 5% 
to 42% incidence of RHF (11,12,15,18) and a 3% to 50% 
incidence of RVAD implantation in females (11,12,15,19). 
Indeed, in women with a need for LVAD and temporary 
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RVAD support, the probability of death is 38% at one year 
compared with 25% for women undergoing isolated LVAD 
support (12). In our matched population, 15.4% of women 
were diagnosed with RHF, and 7.7% required RVAD. 

A further factor for optimal short-term outcomes is the 
prevention of re-thoracotomies. In this study, despite 25% 
of patients having undergone previous cardiac surgery, 
only 3.8% of cases required a re-thoracotomy. Again, these 
data mirror the available literature on less-invasive LVAD 
implantation where rates of re-operations for bleeding are 
0% to 13.6% (21,22,43). Minimization of bleeding allows 
early anticoagulation and prevention of pump thrombosis, 
while the low transfusion rate may decrease systemic 
inflammation and sensitization.

Notwithstanding, we noticed a higher intraoperative use 
of fresh frozen plasma and platelets in women, which might 
explain sex-related differences in hemostasis and thrombosis 
pathophysiological mechanisms (44,45). This hypothesis 
surely deserves further investigations while literature lacks 
extensive studies investigating the different coagulative 
patterns in males and females undergoing cardiac surgery. 
Overall, there is an urgent need for studies addressing 
specific sex-based protocols for postoperative management 
of LVAD patients, including transfusion strategies, HF 
medications and social and psychological aspects (46).

Further major concerns regarding women’s outcomes 
relate to higher rates of neurological events (13,14). Several 
studies report a higher risk of strokes in women (16,17) 
despite a lower frequency of traditional risk factors such as 
hypertension and atrial fibrillation (17). In this study, over 
a follow-up time of 320.47 patient-years, 15.4% (0.0475 
EPPY) and 19.2% (0.0832 EPPY) of women experienced 
an ischemic or hemorrhagic stroke, with similar incidences 
in men. Our results differ from previous studies because 
most of our patients received implantation of a centrifugal 
continuous-flow LVAD. In contrast, most studies reporting 
higher stroke rates analyzed patients supported with 
HeartMate II (13,16,17). An examination of survival by sex 
in the ADVANCE BTT+CAP trial showed comparable 
stroke rates between men and women (11). Similarly, 
sex had no impact in the six-month endpoint outcomes 
(including disabling strokes) of the MOMENTUM3 
trial (47). Therefore, these results should be interpreted 
considering the influence of different anticoagulation 
strategies, implanted devices and patients’ compliance over 
time.

An interesting variability has been reported in terms of 
infections. Our study showed comparable rates of driveline 
infections but a higher incidence of severe pump infections 
in men, requiring pump exchange or leading to further 
complications and death. Interestingly, a direct correlation 
with the thoracotomy wound postoperative infection could 
not be established, and 57.1% of males experiencing pump 
infection received this diagnosis over three years after 
implantation. While literature reports similar infection 
rates in males and females, very few studies present follow-
up times exceeding the two years. Thus, they might have 
underestimated the incidence of such a complication. 
Further investigations are needed to clarify the reasons for 
such a difference. Several hypotheses might be formulated, 
including the roles of social variables as well as compliance 
factors.

Figure 4 Kaplan-Meier survival curves and by sex (A) after 
propensity score matching. Probability of transplant by sex (B) is 
shown.
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Limitations

This study needs to be viewed in the context of several 
limitations. This was not a prospectively randomized 
study. All patients were operated by the same surgical team 
that also decided when to use less-invasive techniques. 
As with most single-center retrospective studies, the 
number of patients and study power is limited and further 
generalization of results should be considered carefully. 
Moreover, included patients received LVAD implantation 
between 2011 and 2018. Consequently, results are hardly 
comparable to the most recent studies which benefit from 
new therapeutic strategies and increased clinical experience. 
Similarly, few patients received a HeartMate3 through 
lateral thoracotomy between June 2014 and January 2018 
at our institution. HeartMate3 is not considered as a 
contraindication for less invasive LVAD implantation in 
both males and females, although a slightly longer incision 
might be necessary due to the larger size of this pump 
(Figure 1) (37). However, between June 2014 and January 

2018 a learning curve for HeartMate3 was required, and 
less-invasive surgeries started on a later stage compared 
to HeartMate3 implantations through conventional 
sternotomy. Adverse events were reported by treating 
physicians and were not monitored for completeness or 
adjudicated by an objective committee. While this did 
not affect survival, we cannot exclude the under-reporting 
of other adverse events, especially for gastrointestinal 
bleeding. All implantations were performed at a single 
high-volume LVAD center specialized in the use of less-
invasive techniques. Thus, results might have been affected 
by the institutional experience. Finally, this study analyzed 
patients based on their biologically determined sex and does 
not address differences based on gender identity and related 
socially determined variables (33-35).

Conclusions

This is the first study reporting on sex differences in short 

Figure 5 Adverse events in females and males after propensity score matching. DLI, driveline infections; EPPY, events/patient-year; GI, 
gastrointestinal.
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and long-term outcomes following less-invasive LVAD 
implantation. Our single-center experience suggests that 
women suffering from end-stage HF can benefit from 
a less-invasive surgical approach at the time of LVAD 
implantation. Notwithstanding, this analysis should serve 
as motivation to further investigate the role of surgical 
techniques in the context of a more individualized LVAD 
therapy, taking into account sex differences.
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Figure S1 Kaplan-Meier survival curves of the overall cohort (A,C) and by sex (B,D) before propensity score matching and stratified by 
INTERMACS profile.
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